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ABSTRACT
The study on corrugated sheets made up to date is 
oriented towards plane sheets, used for clading 
and folded plate roofs. However, it is generally 
recognized that shells have better load carrying 
characteristics since they transfer the applied 
loads mainly into forces in the plane of their 
surfaces.- This thesis is mainly concerned with 
establishing the mechanical properties of the cor­
rugated sheets to be used as a basis for the theo­
retical analysis of shells.
Particular attention is paid to the shear behaviour 
as it is a governing factor in such shells. Experiment­
al and theoretical investigation is carried out to 
determine the modulus of rigidity ( G, ) of the plane 
and curved shear diaphragm. Also the critical buck­
ling load for plane and curved panels is tested ex­
perimentally .
The comparison between plane and curved corrugated 
sheets proved that although the load-deflection be­
haviour under shear loading is the same, yet the ul­
timate load for the curved sheets is higher than for
iii
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the plane ones.
The apparent strain rigidity (Ex) of the corrugated 
sheets in direction lateral to corrugations is found 
experimentally to be = 0.004 E.
The buckling load for the plane diaphragm obtained 
experimentally proved to be in good agreement with 
the theoretical results given by Seydel (17); this 
leads to accept the bending and torsional rigidities 
used, by Seydel.
iv
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NOMENCLATURE
d = cross-sectional area.
a = length along transversal direction of unit 
shear panel 
= length along applied shearing force. 
h = developed length of corrugation. 
ke - effective width of corrugated sheets.
Bx- Bending rigidity in the x-direction.
By- Bending rigidity in the y-direction.
H = Apparent torsional rigidity.
Px = Axial rigidity in the x-direction.
Dy = Axial rigidity in the y-direction.
DXJ - Shear rigidity in the x-y plane.
£* = Apparent strain rigidity in the x-direction.
= Eccentricity at distance x.
£yz:f= Modulus of elasticity in the y-direction = 'Estee/ 
■P = maximum eccentricity at the corrugation pealc.
G  = Modulus of rigidity.
Q'= Shear stiffness per unit lengtli = Qy.t
0 = girth of one corrugation.
1 = moment of inertia per unit length.
= a constant depending on diaphragm cross-section 
shape and the end fastener spacing (in)
’ = pitch of corrugation.
ix
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£ = length o£ member.
P  = Applied load.
sp = pitch of fasteners along the transversal 
direction.
Q  = Shearing force.
Sf = Displacement under unit load per bolt between 
the sheet and the edge member.
-5^ = Displacement under unit load per bolt due to 
seam slip between sheets.
t = thickness of corrugated sheet.
V  = Strain energy of element. 
x,y,z = Cartesian coordinate.
X = Shearing strain.
7 ^ =  Shearing stress.
P = Poisson’s ratio.
= Shear deflection.
/
^  = deflection per unit shearing force.
& = deflection due to the effective width in 
direction of applied shearing force Q.
<^ r= deflection in direction of shearing force Q 
due to flexibility of transversal edge 
members.
x
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
INTRODUCTION
Research done on the capacity of floors and roofs com­
posed of light gauge steel panels to resist loads in 
their own planes, has opened the way to new uses of 
light gauge panels in weight saving building systems. 
Floor and roof decking has been used to provide resist­
ance to wind and seismic forces, and light steel panels 
are used for the shear diaphragms in folded plate 
roofs. In all these cases, design information has 
been based on the results of full scale tests carried 
out to determine the shear behaviour of complete plane 
panels. Recently a method has been proposed whereby 
the shear stiffness of plane roof panels, complete with 
sheeting, fasteners, purlins and connections, can be 
estimated. This method consists of determining the 
flexibility of each component and summing the separate 
effects.
The study made up to date is oriented towards plane 
sheets, of prismatic or corrugated sections, used for 
clading and folded plate roofs. However, it is gener­
ally recognized that shell roofs have better load 
carrying characteristics since they transfer the applied 
loads into mainly forces in the plane of their surfaces.
1
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On the other hand, corrugated sheets can be produced 
with cylindrical curvature and are already being used, 
without precise method of analysis, in farm buildings. 
The object of this work is to study the properties of 
the corrugated sheets proposed for use in cylindrical 
shell roofs, and to establish the missing data for. 
their analysis and design.
Each element of a shell is subject, in general, to 
bending moments, torsion, shear and axial forces. Thus 
in order to analyse a shell of corrugated sheets, the 
bending, torsional, shear and axial rigidities of the 
sheet should first be found.
These are:-
Bx : Bending rigidity in the x-direction.
By '• Bending rigidity in the y-direction.
H : Apparent torsional rigidity.
Dx : Axial rigidity in the x-direction.
Dy : Axial rigidity in the y-direction.
Dxy : Shear rigidity in the x-y plane.
In presenting his theory of bending of orthotropic
plates, Huber (9) suggested treating the corrugated 
sheets as orthotropic plate. He also proposed the ex­
pressions for bending and torsional rigidities which 
are represented in "APPENDIX A".
When loaded in its plane, the behaviour of a plate is
governed by its axial and shear rigities. The shear
2
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rigidity. Dxy , is dependent on several variables 
including panel configuration, type and spacing of 
fasteners, panel length, cover width and material 
strength.
A discussion of these variables, which have been 
under investigation since 1955, is presented in 
chapter (II). Chapter (III) deals with the theo­
retical and experimental evaluation of the shear 
rigidity of the corrugated sheets suggested for 
application in cylindrical shells. The effect of 
the curvature of the corrugated sheets on the shear 
behaviour is examined experimentally and presented 
in chapter (IV). The'axial rigidity, Dy , in the 
direction of corrugation "figure (16)", is equal to 
the thickness times E. Dx is evaluated experiment­
ally and presented in chapter (V).
3
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CHAPTER II
PARAMETERS AFFECTING THE SHEAR BEHAVIOUR AND 
STRENGTH OF CORRUGATED SHEETINGS.
Diaphragm response to loads acting in its plane is 
dependent on several variables including panel con­
figuration, type and spacing of fasteners, panel 
length, cover width, material strength and size of 
supporting frame. Full scale tests have been carr­
ied out to determine the effect of each factor on 
the behaviour and ultimate strength of 'the shear 
diaphragms. Recently, a theoretical approach has 
been proposed to determine the shear flexibility C7)• 
However, it requires experimental evaluation of part­
icular constants depending on the corrugation con­
figuration and the type of fasteners used.
In the following, for each parameter, both load- 
deflection behaviour and the ultimate strength of 
the corrugated sheet diaphragms are discussed:
4
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(II)*1* Effect of corrugation configuration:-
Figure (1).
Referring to figure (1), it is clear that the shear 
flow takes the form of the corrugation of the sheet. 
Therefore, the shear modulus of corrugated sheets is 
reduced by the ratio of (-^ -). This is understood if 
we slice the sheet as shown in figure (1), and pro­
ject each slice horizontally. The shear deflection 
will be the summation of the deflection of each strip. 
So the shear modulus of an ideal panel of corrugated 
sheet unaffected by the edge or splice connections is:
G =  -------------- (2a3
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(II).2. Effect of method and spacing of connections:-
Whether it is a sheet-to-sheet or sheet-to-frame con­
nection, the method could be welding, bolting, gluing 
or using screws. Gluing would have been the best 
method of connection as it transmits the shear flow 
smoothly between the connected sheets. The effect of 
gluing can be studied experimentally, yet it is im­
practical. The most practical methods are using bolts 
or screws. Experimental data are always required in 
order to establish the effect of the type and spacing 
of connections.
(II) .2.1. Effect of sheet-to-frame connections:
Referring to the shear panel of figure -(2) , if the 
connection along the longitudinal members (1-4) and 
(2-3) is made in such a manner that there is a bolt 
at each corrugation, the effect of twist on the shear 
stiffness is minimum. If the connectors were placed 
every third corrugation or more, the twist effect 
would be more pronounced. ■
- -  • -  <=?
Figure (2).
6
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Q
C3)
Bryan (7), in predicting this effect on the shear 
flexibility, gave experimental values of some con­
stants for connections at every corrugation and at 
every third corrugation for the case of prismatic 
sections.
Referring to the same figure, the shear displace­
ment is affected by the slip at the connections along 
(1-4) and (3-2). Assuming the pitch of the bolts 
along (1-2) and (3-4) to be "f", and the displace­
ment at each bolt under unit load to be uSp", the 
work done by one bolt is:
2 b r  \ b )
So that the strain energy of all the bolts "V" can 
be written in the following expression:
V = X No. of bolts in the two
2 transversal members.
Applying Castigliano’s theorem:
T W = S f  ....................................................C 2 ' 2 )
where is the deflection in the direction of "Q"
due to slip between the sheets and the transversal 
edge members.
'9 V _ ^ xzjr*2) __ Q.p x a x 2
9(2 b*
■ £  - 2 a Sp Q_£_    (2i3)
* L*
7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
u-^ ti fs -^0 found experimentally for the sheets 
and connectors in hand.
(II). 2. 2. Effect of sheet-to-sheet connection:
The shear displacement is affected by the seam slip 
which takes place between the sheets along their lines 
of connection.
Referring to figure (3), the work done by each con­
nector is:
Q ■ a.
b
T  ~T
Q
b
..Y
G a
b
Figure (3).
8
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where:
nsi,. =
n c
displacement at each connector
under unit load.
number of sheets.
number of fasteners (connectors)
in each side lap.
Thus, the strain energy of the connectors of the 
whole installation is:
V  =  / J  (n i) ■ n
p  /  z z sn  s
c b ns
Applying Castigliano1s theorem as before:
'~SV = (nsA - 0 Ss Q  
dQ ns ■ bz
(2.4)
p  '  tf \
where "o5" is the deflection in the direction of Q 
due to the seam slip between the sheets.
(II).3. Effect of flexibility of edge members : -
Q Q
iI a
L - 23
(a)
e / n a r C S S  /pri
'^"s/on.
Figure(4).
9
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Figure (4-a) shows a diagramatic sketch of the hor­
izontal plane diaphragm tested in. this programme. . 
Figure (4-b) shows one half of the diaphragm which 
represents an elementary shear panel. The axial 
force in the transversal members (edge members along 
the x-direction) is assumed to increase linearly
from zero to Q-— , so that the force "I*" at any
b
distance "x" from the origin ”o" is:
Q (sl-x )
L
/
If the cross-sectional area of the member is "y\">
then the strain energy of the transversal member is
given by the following expression (7): 
ra n z
Vr.= j -J- d*
4 ^  A E t
=  r  (a~x) j*
4 ZA'Eb1 
€ ^ A 'E
Then the strain energy for two transversal edge 
members will be:
V = d. a3
3 i / A ' E
Applying Castigliano's theorem:
3Q tr
£ =  E.Q  s 3    (2.5)
3 k?A’E
where "&t" is the deflection in the direction of "«Q" 
due to the flexibility of the transversal edge members.
10
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It is clear from equation (2.5) that the more the 
rigidity of edge members, the less the effect on the 
deflection. If the transversal edge members are 
assumed to be infinitely rigid (A' E =oc ), they have 
zero strain energy and 6tr tends to zero. If practical 
edge members (flexible) are used, their strain energy 
should be taken into account.
(II).4 Effect of Diaphragm dimensions:
One of the results of the Cornell (12) tests, was the
/
relation between shear stiffness G  (lb/in) and panel 
length. Several tests were carried on 26 gauge stand­
ard corrugated diaphragms with panel length being the
variable. The following equation was used to calcul-
/
ate the value of G  :
g  = -
i + » ) 2  A 's _
A £ . (L t)!J
where: Kz = a constant depending on diaphragm
(2. 6)
cross-section, shape and the fastener (in)
£
E = modulus of elasticity of steel 29.5x10 toS, 
G = Shear stiffness (lb/in)
£ '= Uncoated thickness of corrugated panel (in 
V = Poisson’s ratio (0.3)
A  = Corrugated pitch (in) "see figure below"
$ = Girth of one complete corrugation (in)
"see figure below"
L = Length of panels from center to center
of end fasteners, measured parrallel
to corrugations (in).
11
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This equation was used after calculating the values
of the constant from the results of full scale
/
tests by putting the known "G " into the equation and 
solving for . This value was substituted back in­
to the equation, and by allowing the length to vary,
t
the curve for G versus length of panel was plotted.
/
There is a wax. value for G controlled_by the shear
modulus of the material itself. Using the same eq-
/
uation and substituting for the length by oc-, C? will 
be:
G  '= Et ■ .A- = 211, 00 0 lb An-
Z O + V )  2  '
( P - 0.3 , E - 30x1 o6 ps 1 ; t= 0 0173 E£EL )
v  ^ ' /  2.8/5 '
This relation is shown in figure (S). When using 
this curve, care should be taken to retain the same 
type and layout of fasteners.
The equation of G  is identical to equation (2.1} 
which is the value of "Q" for a corrugated sheet 
unaffected by edge or splice connections. This can
12
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be explained, because the twist effect is minimized 
when the length "L" in infinite. The last part of 
the curve should be corrected to allow for the effect 
of seam slip on the shear flexibility. This is drawn 
in dashed lines on figure (5).
Going back to equation (2*6), the constant " K?" 
depends not only on the diaphragm dimensions, but 
also on the previously mentioned factors. Thus 
covers the different constants found by Bryan (7).
!
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-
1
r | L
1 ,G' TiOi
-/
iui
1 / I
. / i
-
/
>
V
/
-
-
10 tG —
12 ' X
s
o'—
i
/
>
-— —y
s's'
—
1s-6 'xU
- '  / ,
t
-
4 x 4 ‘ -
NOTES:
1. Panel to frame fcsfenors arc in every third valley.
2. Tho second dimension at oach point Is tiis 
width perpendicular to tha corrugation.
3. intermediate sidetop fasteners v:cro used.
- - -
-----
-a,. S3'x.>*
48
'/OOO 2 .3 4  5  6  7  0  9  IOOOO 2  j  4  S C 7  B 9  IOOOOO 2 3 4 S 6  7  0  3
Shear Stiffnesst c ‘ ( lb /in )
Tested Shear Stiffness for 2 lh"  x V?." Standard Corrugated Stee! Diaphragms 
(Thickness of Panels — 0.0198 in.)
Figure (5):-
?"'From'" "Design of Light Gage Stee 1 Diaphragm1' • 
American Iron And Steel Institute, p. (/7) .
13
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(II).5. Gauge thickness:
To predict the effect of panel thickness, several 
diaphragms were tested in Cornell (12) , with the 
thickness being the only variable, these were 
standard corrugated diaphragms with 22, 24, 26 
and 28 gauge.
If the failure is governed by tearing, it is a logical 
result that the ultimate strength is linear with the 
thickness "t". If the failure is governed by buck­
ling, the ultimate strength will be a function of 
(t)%  , (See APPENDIX A, by Seydel). However, the 
following relation was given by Cornell (12) tests 
taking into account the failure to be either due to 
tearing or buckling:
S = 140 + 11560 t  ............. (2.7)
where S: is the strength in lb/ft.
t : is the thickness in inches.
Figure (6) shows the relation (2.7).
14
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600
n; 500
£  400  o>
to
300
200
S = 140 + Il5 6 0 t
100
0.005 0.010 0.015 0.020 0.025 0.030
Thickness in Inches
Strength variation with thickness 
of standard corrugated Diaphragms.
Figure (6)*
(II).6 . Effect of curvature:
From the above given analysis of the different factors 
affecting the shear rigidity of plane sheets, it is 
believed that the curvature of the corrugated panels
* From "SFFength ancFUeliaviFur~~oF*TTgEt-gage-steel 
shear diaphragms" Cornel] Engineering Research 
'Bulletin 67-1, by Larry D. Luttrell.
IS
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does not affect the load-deflection curve (i.e. the 
shear behaviour is the same for plane and curved sheets). 
This is true especially if the connections with the 
longitudinal members (1-4 fj 2-4 in figure (2)) are 
made in such a manner that there is a connector at 
each corrugation, otherwise, slight difference may 
take place because of the different magnitude of 
twist along the edges for the plane and curved sheets.
The effect of curvature on the shear strength (ultimate 
load) can be established by comparing the ultimate 
load of plane and curved isotropic plates. Batdorf (4) 
and others gave the following expression for the crit­
ical shear stress of the curved isotropic plates:
  (2.8)
b  . t
where: = width of plate measured along arc.
t = thickness of plate.
• -£> = flexural stiffness of plate per 
unit length =
E = Young’s modulus of elasticity.
= critical-shear-stress coefficient.
= critical shear stress.
V = Poisson’s ratio
o tl •
The value of changes proportionally with a cur­
vature parameter 2"which depends on the dimension 
of the plate and on Poisson’s ratio as follows:
16
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2  = 7 ^ / ' - ^    (2.0)
where "r" is the radius of curvature of the plate. 
As "z" increases (i.e. r decreases), K  , also in­
creases and consequently the critical shear stress 
increases. So the greater the curvature, the high­
er the critical shear stress. This result in the 
case of isotropic material can be thought to be 
correct for the case of orthotropic material, which 
(to the knowledge of the Candidate) has not been 
treated theoretically.
The experiments done by the Candidate on curved 
sheets, proved that the critical shear load of the 
curved panels is much higher than in the case of a 
plane diaphragm, therefore conforming to the prev­
ious discussion. These experiments will be present­
ed in chapter (IV).
17
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CHAPTER (III)
THE SHEAR MODULUS OF CORRUGATED SHEETS 
PROPOSED FOR USE IN SHELLS.
This chapter deals with a theoretical and experi­
mental evaluation of the shear modulus GiXJ/ for th< 
corrugated sheets proposed for use in shells.
(111).1. Theoretical-estimation of the modulus 
of rigidity " G x":
L r a   J
Q A
..V
t^al
Figure (7)
The shear modulus is defined to be the shear stress 
divided by the shear strain. Referring to figure (7);
18
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
V'
shear stress = yj- ; shear strain = dXj (in radians) = —
G  = .Q ' a 
V U . A nui
If the deflection " is given per unit load (^ f = A )
then: G  - — -— —   .-------(3.1)
^  tt-Ku,/
/
The value of " ^  t", may be considered to be composed 
of the following:
where: 4^ . = displacement due to sheet-to-frame
connection under unit load.
/
= displacement due to seam slip between 
sheets under unit load.
/
Asi = shear deflection of ideal sheeting 
under unit load.
Here, we are interested in the shear stiffness of the 
corrugated sheets, thus the deformation of the edge 
members are not to be encountered, also the effect of 
twist at the edge of corrugation is eliminated by 
having a bolt at each corrugation.
(III).1.1. Displacement due to connections between 
sheets and transversal edge members:
In chapter (II), the deflection due to connectors 
between sheets and transversal members is given by 
equation (2.3)i. Several tests were made on the
19
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material in hand to find the value of "S^ ,". The 
bolts used were of 5/16" diameter, and 1" long with 
neoprane washers. The test assembly was inserted 
in a tension machine and an increasing load applied 
up to failure. The average movement at the sheet 
connectors, including a negligible- amount of sheet 
extension, was measured by a pair of dial gauges.
The value of slip is variable with the load.
Small loading is transfered by friction; by in­
creasing the load, sliding starts to take place 
leading to ;lower value of "•5r". Up to a limit when 
the bolts bear against the sheet, the value of "5^" 
starts to increase. versus load per bolt is
given in figure (C). Although no work was done
on sheets of other thicknesses, it is reasonable to 
assume that the slip is inversely proportional to 
the sheet thickness "t " (i.e.):
s/r  A ) = sf<^«»x±sr z '*■/■''¥ - (3-3)
The ultimate load per bolt was found to be 1.6 kips.
One test arrangement is shown in figure (3.1) and 
sheet failure which took place by tearing is shown 
in figure (3.2). The curves and analysis of the 
slip is given in "APPENDIX C". Referring back to 
equation (2.3) and assuming the displacement per 
unit load:
V  = 2$ 5? r     (3.4)
/• - ^
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(III).1.2. Displacement due to seam slip between sheets:
The displacement due to seam slip is explained in section (11.2.2.), 
and is given by equation (2.4), assuming the displacement per unit 
load:
/ _ ( f Is A .  — t )  g a  O ' * / h ' p ) .  .  ----------------(3-5)
* ------7?;—  ‘ ^  be
Referring to Figure (c) , the value of 55 is equal to the value
// t
of Sj, in the range of friction. For the range of bearing, the
"c “ "o ” .value of Dj could be taken as double the value of since
the movement here will be due to two movements of the sheeting.
(III).1.3. Shear deformation of ideal sheet under unit load:
t
Referring to equation (3.1), and solving for A  :
^  = b.t.G'------ ----------------  (3-7)
(G is the modulus of rigidity for an ideal sheeting without any
connections between panels (which is impossible in practice) and
with an infinitely long panel (<9=oc>). The theoretical value of G
is given by equation (2.1).
¥
Substituting for G  in equation (3.7)
A  ' =   (3 .8)
b . t  ■ E  J? K
Substituting for E and V  of steel:
a > -7 a-A = O-92X10
S n
b . t
21
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By substituting equations (3.4), (3.5), (3.9) in 
equation (3.1), the value of "Gx" can be calculated. 
A comparison of the theoretical method with the ex­
perimental result follows in page (27).
(III).2. Experimental evaluation of the shear 
modulus "Gxy":
The behaviour of corrugated steel sheet panels in 
shear does not yield nicely to pure theoretical an­
alysis. This is because of the large number of 
parameters involved. Therefore, full scale tests 
are needed to test the results obtained by the theo­
retical analysis. Tests were carried out in the Civil 
Engineering Laboratory at the University of Windsor, 
in order to determine the modulus of rigidity of a 
shear panel and to predict the shear behaviour in 
corrugated shells.
(III).2.1. Description of the testing apparatus, 
the instrumention and procedure of 
testing:
The general layout of the first experiment is shown 
in figure (3.3). Referring to the sketch of figure 
(8), the corrugated sheets being used were of the 
standard type 2-f-X-j- > gauge 20. Two cold rolled 
angles (f-£ X 1-^ > 6A10) forming • the shape of a channel
22
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were used as a jacking beam, and X /j-'CA/o) cold 
rolled angles were used as longitudinal stiffeners 
parallel to jacking beam. Cold rolled angles (/A-x/£,£/}/o) 
were used as transversal supports. To minimize 
frictional resistance,the frame was supported by <p 1" 
rollers over 6 supports located at. the ends of the 
longitudinal members. The two longitudinals were 
clamped (horizontally) to rigid frames.
The six corrugated sheet panels were laid as shown 
in the picture of figure (3.3), and suitably inter­
connected by 5/16" diameter standard bolt's to form
a horizontal shear diaphragm.
Loads were applied in increments of 200 lbs., using
a 20 ton hydraulic jack together with a Universal
testing machine, and at each increment, the horizon­
tal movements of the points indicated on figure (8) 
were recorded.
(III).2.2. Analysis of test results:
All readings of the mechanical dials located as 
shown in the sketch of figure (8), are summarized 
in TABLE (3.1). The deflection of point (12) and 
point (7) are corrected by subtracting the average 
of A  and A^/Aand , respectively; this correct­
ion is due to the extension of the longitudinal 
members and is shown in TABLE (3.2).
23
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3  =: / 2 O-
a - /
j *
Figure (8)
The load-deflection curve is plotted in figure (3.4). 
First the shear stiffness in "lbs/inch" is calculated 
from the test result which encounters the effect of
24
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deformation of the edge members:
r' = PL —  = o .€4-5-£—
07 ^  i.A A
in the elastic range between a load of 1400 lbs. and 
400 lbs. :
Q '  - 14-00-400 _ e8S O O  lbs/in.
O. 0/65Z5 - O.OOH/2.
To get Q  ;n (PsOm-
G  =  G'J- - £.8.500. =  1.? xto6 
y t 0.035?
(111).2.3 Shear modulus of the corrugated sheets
The shear modulus that can be considered in the 
design of shells is calculated by subtracting . the 
effect of deformation of the edge members. Referr­
ing back to equation (2.5),
= -2Qa3_
ir zb'A'E-
This area (A7) is composed of the cross-sectional 
area of the transversal beams plus the area of an 
effective width of the corrugated sheets. The 
effective width of the corrugated sheets can be cal­
culated as follows:
b ' = b. J _  = 93 x = ?& "
J  2.€61
the ratio GL =  7e - 0.4.07
23 2 x JZO
Thus (1) ^  = 0.3/7
b
where L is the effective width.
25
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Thus the effective area of the transversal stiffener 
is i
' A '  x 98 X  0.0359 + 0.3675 = 0.9085
£
Substituting for a, i , k' and E in equation (2.5), 
"S. " can be calculated in terms of "62" as follows:tr
S. = 2 Q  (10X12)--------4..55 % 10  ^Q
tr 3 ( 7-75 X/2)3 (.30 8 5)30X10*
The following table is arranged to determine the 
deflection of a similar diaphragm with infinitely 
rigid edge members (i.e.) when ( 8tr- 0):
Applied
Load
(lbs)
Q=Ylbs.
Total 
Displace­
ment (A)inch.
£ = .00000455Q (A- t^tf. )inch
200 100 0.00450 0.00046 0.00404
600 300 0.00962 0.00138 0.00824
1000 500 0.01237 0.0023Q 0.01007
1400 700 0.01652 0.00322 0.01330
1800 900 0.02140 0.00414 0.01626
2200 1100 0.02822 0.00507 0.02315
2600 1300 0.04160 0.00600 0.03560
3000 1500 0.05900 0.00690 0.05210
3400 1700 0.12137 0.00781 0.11356
3800 1900 0.21950 0.00875 0.21075
Two load-deflect ion curves are shown in figure (3.4)
for the actual disphragm with flexible edge members
and a similar diaphragm with infinitely rigid edge
members (S E = 00 or &tr= 0). Considering the curve
after modification (reduction of deflection due to
Sir ) ; the shear modulus is calculated and is found 
6
to be 2.16 x 10 f>sc.
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(I II). 3. Comparison between theoretical and experi­
mental results:-
The value of Q  is calculated using equation (3.1) 
and is compared with the experimental results. Also 
comparison is made between the calculated and observ­
ed value of the ultimate shear load.
(III).3.1. Calculation of " GXJr"\-
The plane diaphragm has the following properties:
a = 10^ 7.75/ ns= 13^ 3 t= 0.0359 '
2- = 2.815* 2.669' />= 10"
From curve in fig.. (C) , the load per bolt = or o.pgkiy
/ • / J A X O
I F o r  t h e  f r i c t i o n  r a n y e  : 5^  = 5^ )
^,=,0.02 in/kip § Ss= 0.02 in/kip.
-1- Deflection due to unit load because of sheet-to- 
frame connector:
Using equation (3.4):
XL = f a ------ --------- - (5.4)
' b
_ 2.X toX12 X 0-02 X 10
(7-75 X/af
= 0 - 0 0  5 5 2  'n/k.f
-2- Deflection due to unit load because of seam slip:-
a' = A  (Ql-zI). -fl ....... ......  (3.5)
ns o
_ 0.02 (3-/) !QO _ 0.0051 in /Kip
13 50 x r
27
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-3- Deflection of ideal sheet due to unit shear-
ing load: -
A  =  2 a &  = 2 A to (/ + 0-3) . /2-8IS- j  _ 0.OO330
S/! btEj 30 X 10 s X-I-75AO-03S3 \Z-^7/
Thus the total deflection A  =, 0 .00330+. 005/+00552•ota!
= .0139 2 inch/kip
From equation (3.1), the modulus of rigidity is:
_ 6
Q  -  a - X  /OOP  _  2.55 XIO f>s'
^  b.t.A' , 7-7S X -035S X • 0/39 2
which is / 5x hijher than the value found experiment­
ally.
(III).3.2. Ultimate shear load:
It is obvious that by providing an adequate number of 
bolts, failure can take place only due to buckling of 
the corrugated sheets. This was the case of the ex­
periment in hand.
Theoretically, the buckling shear load .in lbs/in. can 
be determined according to Seydel's (17) formula:
r  = r. i/& b;
m
Referring to "APPENDIX D", the analytical computat­
ions of the critical shear load can be as follows: 
Assuming E = 30 x 10 f>si,V= 0.3 and the geomet­
rical properties as shown in figure (9)
28
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0 . 2 . 5
'  2 c j -  2 -8 /5
z / =  2- e e . j
Figure (9)
B  = 3 = 2-GG"^  3 0 M Q e (■0353)
2 'i2(l~VZ) 2-815- ‘ /2 ( l _ o.32)
=  1 2 0 - 4 2 5  G  Jb. in
z
i - 0-8 /
/ + 2.- 5/ _£
(0-25f (0-0359) 
2
&
I _ 0-8/
= 2 3.5 X IO-s
/•/- 2.5(jZ5- f 'Z.G6J/ J
By  = EL 1  =. 3 0  X I O e X 2 3 - S  X I 0 ~ 5 = 1 0 5 0  / L i t .
2 B  - 2  b-i3 _ 1.8/5 30 x to6 (-035D) _  S3.S /Lin
*f J /?(/ + »)
G
_ 2 By
2 -  G £  7
S3.9
/ 2 (  /  0.3)
93-1
926 '. a. 9 9
0- 10134
■ B j  \ f l2 0 .4 .Z 5 x  7050
=  31 f  /  B x  -  7 0 t / ~' 2 0 - 6 2 5  '  _ i . 2 < ) ' j / r - 0  7 7 2 - l 6 8 o
b Y By 
0.4673
7.75 /  7 0  5 0
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From curve (i) on page (66) in APPENDIX "D" and with 
P  = 0.10134 fi/a = 0.4673, Ca is found to be ^9.75
, 4 ------------
. - .  T  -'.JI20-4ZS ( T O  5 0 )  = n.GO lb/ i n .
Cr (5/t/^2
From Test: Refering to figure (10) which is a dia- 
gramatic sketch of the load-deflection curve of the
experiment,
5 1  C.P r  A
Figure (10)
the buckling load can be taken -^=^4000 lbs. which 
is nearly the assymptotic line. This is based on a 
statement by Seydel (16) that the post buckling has 
minor effect for the corrugated sheets.
For 4000 lbs., £ =  2000 lbs.
/
P  = 20 0 0 - 2coo _ 20-4- lb/in.
(v-75 %I-0E)(I2) 18
The theoretical value is about 13.5% less than the 
value found by experiment. This can be considered 
as good agreement for such type of tests and material.
30
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EXPERIMENTAL EVALUATION OF THE SHEAR STRENGTH
OF CURVED CORRUGATED SHEET PANELS.
The shear behaviour of plane corrugated sheets ex­
amined in chapter (III), may be used as a basis 
for the same corrugated sheets when used in shells. 
However, some experiments were performed on curved 
panels in order to point out the main differences 
in behaviour.
(IV).1. Description of the testing apparatus, the 
instrumentation, and the procedure of 
testing:-
The general layout of the second experiment is shown
in figure (4.1). Near the end supports of a long
■p- a i
shell, the corrugated sheet elements can be thought 
to be mainly loaded by shear.
All the parameters, (i.e.) the panel-to-panel and 
panel-to-frame connections, the gauge of sheets, the 
dimensions of the panels, and the pattern of corr­
ugations are kept the same as those in the experiment
31
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of the plane shear diaphragm discussed in chapter 
CIII) . The curvature of the corrugated sheets is 
the only difference between the two experiments. 
Figure (12) shows a diagramatic sketch of the ele­
vation and plan of the experiment.
The diameter of the shell is 19 Feet. A curved • 
cold rolled angle 1 3/4 x 1 3/4, GA 10 was used 
as transversal top chord of the supporting truss 
of the shell. The jacking beam is composed of 
two plates 3% x 5/16" welded together to form the 
shape of a; "V" section.
The frame was supported on 6 supports located at 
the ends of the longitudinal members. One inch 
diameter steel bars were placed on the supports to 
minimize the frictional resistance against the hor­
izontal movement. The end longitudinal members 
were clamped (horizontally) to a rigid frame. The 
six curved panels of corrugated sheets were laid as 
shown in the picture of figure (4.1) and suitably 
interconnected by standard bolts 5/16" diameter and 
1" long to form the double curved diaphragm. The 
dead end of the jacking beam was prevented from up­
lift movement that takes place due to torsional 
effect. Linear electrical strain gauges were fixed 
on the mid point of each member of the supporting 
truss to measure the axial strain. Loads were app­
lied in increments of 1250 lbs., using a calibrated
32
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Load cell, and at each increment, the horizontal 
movements of the points indicated in figure (12) 
were recorded. Strain gauge readings were taken 
to facilitate the calculation of the strain energy 
of the edge transversal members.
(IV).1.2. Analysis of results of test No. (2):
The readings of the mechanical dials are summarized 
in TABLE (4.1). The correction due to the extension 
of the longitudinal members was made- in the same way 
as explained in the first experiment, of chapter (III) , 
and is given in TABLE (4.2).
The load-deflection curve is plotted in figure (4.2). 
The shear stiffness is found without any corrections 
due to the flexibility of edge members. The'slope in 
the elastic range leads to the following
(IV).1.3. Effect of flexibility of edge supports
The strain energy of the truss members can be given 
by the following expression:
G  '  — G  = Q-<3- _  <=l Pi ' = - G
1>XV
Taking the readings from figure (4.1)
G  = ' 0 . £ 4 5  x - 2 0 2 2 -  ~  2 3 / 1 - 0 0  I L / i n .
0 . 0  55
■/
(4.1)
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Equation (4.1) can be written in the form:
/
P
where is the strain measured in the test.
Thus: V - -L 2s £ (£A)n ■ J?n , 2= cf~ f/tc /ne/vjer (n).
tr 2
The deflection in the direction of loading due to 
this effect can be found by equating this energy to 
the work done by the external load "Q":
Column (4) in TABLE (4.3) gives the displacement 
after ;subtracting the effect of the flexibility of 
the edge members. Applying the same procedure to 
the plane diaphragm, the displacement of a similar 
shell with infinitely rigid edge members, was obtain­
ed and is shown in column (6) of TABLE (4.3).
The corresponding load-deflection curve is plotted 
in figure (4.2), and the shear-modulus (after the 
effect of the edge members is subtracted) is 
found to be:
A comparison with the theory can be made as follows: 
At a load of 7000 lbs., the load per bolt is:
-2£°2.A .f.Q- or: o.8 £;P .
'3 X7-7 5 '
(4.2)
- o.e^.5 a  JL2J38L k _ L  =  0.66 XIO* psi
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From the curve in figure (C) , -^  = 0.041 in/kip.
• = 0.082 in/kip.
Using equation (3.4), (3.5), the values of As 
are calculated and found to be 0.01130 and 0.02090 
respectively.
.00330+. 01130+. 02090 - .03550 in/kip.
G  =  to*.JOOO_______ = IX tOC psi
1-15 X 0-0353 X0-0355 '
(i.e.) the experimental value of G  is about 34% 
less than the theoretical value.
The same shell v/as reloaded and dial and strain 
gauge readings were recorded. The load v/as in­
creased up to 20 ,000 lbs. v/hen failure took place 
in the truss followed by tearing of the sheets near 
the corners. An analysis of these results indicat­
ed that the flexibility of the sheets v/as more pro­
nounced after reloading. This means that repeated 
loading affects the shear flexibility.
(IV).2. Analysis of results of test No. (3):-
A third experiment was performed similar to the 
second experiment. However, tire truss was reinforced 
to allow the sheets to fail first. Similarly,
TABLES (4.4, 4.5 and 4.6) were arranged, and the load-
36
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deflection curve, with and without the effect of. 
flexibility of edge members, was. plotted in figure 
(4.4).
The value of Q  was found to be 0.52 x 10 psL 
(i.e.) about 48% less than the theory.
Again the shell was reloaded and found more flexible 
than before. The failure was due to buckling at a 
load of 26,000 lbs. followed by sudden tearing at 
the corners.
37
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CHAPTER (V)
DETERMINATION OF THE APPARENT STRAIN RIGIDITY OF
(V).1. Description of experimental tests:-
An attempt was made to establish the stress-strain 
curve of the corrugated sheets (when pulled in the 
weak direction). Small samples were tested in ten­
sion as shown in figure (5.0).
THE TRANSVERSE DIRECTION OF CORRUGATED SHEETS "Ex".
»r-’TiTi'trnTf‘^ nT"ir“'r’ -TT''rrT
© © © ©
 b- /?
Diagramatic sketch for the corrugated 
sheet specimen for tension test. 
Figure (13)
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Two angles (2 x 2 x 3/16") back-to-back were welded 
and bolted to the top and bottom ends of the sheet. 
Figure (13) shows a diagramatic sketch of the test 
specimens. Strains were measured on each side of the 
sheet at three locations. 200 lbs. load increments 
were applied and the average strain was calculated 
from 6 readings.
Three experiments were carried out and the results 
are shown in TABLES (5.1, 5.2 and 5.3). The stress- 
strain curves were plotted showing the same behaviour 
for each test, (figures 5.1, 5.2 and 5.3).
(V).2. Analysis of test results:
In the first experiment, the proportional range lies 
between 400 pounds and 1100 pounds (figure 5.1), in 
this range, the slope of curve, (i.e.) the strain- 
rigidity (Ex) is:
F _ stress = 1612.5729 - 589.3220 = 1023.2509
strain .022000 - 0.013332" 0.008668
5
~ 1.180 x 10 psi
Then the ratio of E*_ can be found provided that E y =
Ey
E st"L. = 30 x 1q6
Ex 1. 180 x 105 0.00393
Ey = 30 x 106 ..........
39
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Similarly for the second and third experiments we 
find the following:
2nd. Experiment:
E, = 1759.1706 - 589.3220 = 1169.8486 = n Y
.02083 - .01166” 0.00917
Ex 1.275 x 10r
E_y = 30 x 10" = 0 . 004 25--------------  - (5.2)
3rd. Experiment:
Ex = ■ 1875.100 - 752.246 1122.854 „
0.0134166 - 0.0027710' 0.010645 ■L*u 4^ ^  -
T T T F  * U & & ............. (*•»>
The values of Ex computed' in (5.1), (5.2) and (5.3)
E,
are consistent.
The average value of "Ex" is the apparent-strain rig- 
ity for gauge 20 standard galvanized corrugated sheet
■ X
or
5
E„ = 1.169x10 ±6% ps'
Ejl = 0.00389 0.004
10
5
0 ps
40
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(V) . 3. Discussion of the Results:
Referring to the curves shown in figures (5.1),
(5.2) and (5.3), the general trend is ideally ill­
ustrated as in figure (14-a).
0
03)
Typical Stress-Strain Curve of Corrugated 
Steel Sheets When Pulled in the Direction 
Perpendicular to Corrugation.
Figure (14)
The first part of the curve is approximately a 
straight line which is the proportional range. Here 
the deformations are mainly due to momertt P^x, where 
"<V’ is the eccentricity at any distance as shown
in figure (14-b).
41
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In more detail, referring to figure (15), the stress- 
distribution at peaks is given by the formula:
. P (l± J , assuming unit length in
which
2 t t
6e y>> I > (i-e.) the deformations are
t
mainly due to bending. When the load exceeds a
jf
t  n r ' ->)■ I. ’
A
t
V
■ S tre s s - c . / / 's f . r / lu t I .  Pen 
o n  S e c t io n  ( n - n )
*5
5 t r e s s -  d is t r i& u t i 'C h
Sptcr ji'e /d p/n t
i s  f i e d .
Figure (15)
certain value, the moment causes yielding in the peaks 
of the corrugations; tension and compression fibres 
yield and excessive deformations occur causing a re­
duction in the eccentricity "c". With the reduction 
in eccentricity the bending stresses are decreas­
ed and additional axial stresses can be resisted by 
the corrugated sheet.
42
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CHAPTER (VI)
OBSERVATIONS, CONCLUSIONS AND RECOMMENDATIONS 
(VI).l. Observations:-
1- The expressions given for bending and torsional 
rigidities proposed by Huber (9) could lead to theo­
retical evaluation of the shear buckling load for 
plane sheets (17) which is close to experimental 
results. This indicates that the proposed rigidities 
can be accepted and are reliable for. the analysis of 
shells. ,
2- Experimental comparison is made between the 
buckling due to shear for plane, and curved corrugat­
ed sheets having the same parameters. It was observ­
ed that, for the given curved sheets (GA 20 of 19 
feet diameter), the buckling load is about 6 times 
that of plane sheets. It is understood that this 
factor depends on the curvature, bending rigidity, 
and other parameters, but because of the limited 
number of tests, no general relation could be sugg­
ested.
43
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3- Axial rigidity in the direction of corrugation 
(referred to as "Dy") equals the thickness times E.
The apparent axial rigidity, Dx , in the direction 
perpendicular to the corrugation is (for the given 
sheet) ^  "0.004 ".
4- Particular attention was paid to the shear 
behaviour of the corrugated sheets connected together 
forming a shear diaphragm. The semi-analytical sol­
ution based on Bryan's (7) work represented in this 
thesis is believed to give a good approximation for 
the shear stiffness, Q  , of the plane as well as the 
curved corrugated sheet panels.
5- The shear rigidity, GXjf , is variable with the 
magnitude of loading. This is a result of the variat­
ion of slip factors"-^." § "i£" with the load. Con­
sidering the working shear to be about 1/3 of the 
ultimate, the shear stiffness for a plane sheeting is 
calculated at a shearing load lower than the curved.
Thus, although the plane and curved sheets behave 
similarly at any particular load, different values of
Q  , are to be applied in their design. These values 
obtained theoretically and experimentally are as 
follows:
Experimentally Theoretically
e 6 
G' for plane sheets: 2.16 x 10 ps; 2.55 x 10 f>si
J
QXJ for curved sheets: 0.66 x 106psi 1 x 10G ps>
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Here, the behaviour of the corrugated sheet diaphragms 
does not yield nicely to the theoretical approach.
This is becuase of the large number of parameters in­
volved.
(VI). 2 Conclus ions : -
For the analysis or design of a shell made up of the 
tested corrugated sheets (standard galvanized corr­
ugated sheets of gauge 20), the axial, bending, and 
torsional rigidities can be taken as follows:
: Bending rigidity in the x-direction.
3
= ^  12 0 -4-2.5 /h-in
3
Bj '■ Bending rigidity in the y-direction.
= €1  ~  r10SG JL:n
rs "
Where I is the moment of inertia per unit length of 
the section parallel to the x-axis.
// : Apparent torsional rigidity.
= 2. G  tl ■= $ t ’t3- - S3-3 U>-'»
3 ' e .C tz(H-JJ)
]\ : Axial rigidity in the x-direction.
= £x.t ,4-3 X I 0 3 /-V-
13j- Axial rigidity in the y-dircction.
e
= £ • t - I. 0 77 X10 H>/;„
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(given Q  for a shear stress about 43 lb/in)
(VI).3 Recommendations :-
The rigidity values given above are obtained from a 
limited number of tests. In order to establish more 
solid basis for these values further tests are re­
quired. They can be directed to examine the follow­
ing:
1) Tests with different gauges to clarify the 
effect of the thickness on the behaviour and the 
strength.
2) Tests with different curvature to find a rel­
ation pointing to the effect of curvature on the ult­
imate shear buckling load.
3) Tests with, different bolt arrangements,- every 
third, fourth and fifth corrugation,- to find the 
effect of edge connection.
4) More tests to find the values of "5^$-%" for
more than one bolt in a line.
5) Bending and torsional rigidities can be rccheck- 
ed by testing plates laterally loaded in particular 
to check the apparent torsional rigidity.
46
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6) Theoretical investigation is required to establish 
a design procedure for shells made up of corrugated 
sheets. This may be achieved by considering corrugat­
ed sheeting as an orthotropic material.
47
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APPENDIX "A"
Bending and Torsional Rigidities
Huber (9) gave formulas for the rigidities of the 
corrugated sheets as follows:
Referring to Fig. (16)t, let the form of corrugation 
to be a sine-wave of the form:
a
■P t
Figure (16)
(I)
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Because the corrugated sheets are an orthotropic 
material, the governing differential equation of a 
corrugated sheet plate subjected to lateral load"fk-
B x !±i + & - & £ ■  — 9   (Ill)
' a*4 7 3y
(211) is defined as the apparent torsional rigidity, 
its value is given also by Seydel as:
II = (2 3  -i-B) j  B,.--v •} *2 /-
H = 23XJ = JL      CIV)
In which:
9 - ' O ' # )      0 0
= The length of the arc of one-half a wave (see Fig.!G)
i m  ry \ - y y f \  - .......... - .........- .............cvD
= The.moment of inertia per unit of length of the 
section parallel to the x-axis.
The formula (VI) given for the moment of inertia is 
on the assumption of a sin-wave of corrugation, other 
formulas and curves for the determination of moment 
of inertia for different shapes of corrugation are 
given in APPENDIX "B".
Axial Rigidities:-
Generally, the term "EA" is defined as the axial 
rigidity. For a unit panel of corrugated sheet, 
assuming figure (16) and taking into account a strip
Z
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of unit length, the axial rigities are defined from 
the following express ions: -
A  = A- t ; Axial rigidity in the x--direction.
A  = A : Axial rigidity in the r -direction.
iiA
Q
G  ■t : Shear rigidity in the x--y Plane
where
6
= 30 x 10 ps! for steel 
t = is the uncoated thickness of corrugated sheets.
50
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APPENDIX "E"
Moment of inertia of corrugated sheets
Before the moment of inertia of any section can be 
expressed, it is necessary to know the geometrical 
form of that section. There is probably no simple 
geometrical form that will exactly represent the 
true section of the corrugated sheets in common use, 
although various investigators have made certain 
assumptions concerning these forms.. Rankine (5) 
(1868) proposed a cycloidal form for the corrugat­
ions. He gave the following expression for the 
moment of inertia:
1 =
where:
b - width of the corrugated sheet ( not the 
developed width). 
d - depth of corrugation.
t = thickness of the sheet (Gauge)
C, = _<L ^  / -/- M- (-j-J J > ^ Constant .
k = jl'
cl
-£ = pitch of corrugation, (i.e.) distance from 
ridge to ridge.
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Blodgett (5) (1934) assumed that the cross-section 
of a corrugated sheet may be one of the following 
shapes. He suggested the following three relations 
by means of which the moments of inertia of a corr­
ugated sheet may be determined:
1- Assuming the arcs of the corrugations to be 
parabolic, the moment of inertia may be ex­
pressed as :
I  = c, 6 d  ‘ t
where:
and b, d, t and k as before.
2- If the arcs of the corrugation are circular, the 
moment of inertia may be expressed as:-
X  = C3 b t3 -/- Q  b d  b
where:
C — (.6oL— Sin 2 oi)‘-J  ------------
48 S/4
s' (d  c< -J- 2 Cos 2c<- -  3 Sin 2c<)
4 ~  -----------; . ~,
!G S"1U Vers c<
and o< = tsn f— XA-— )
'I'-*1
3- If the cross-section of the sheet is composed of 
tangents and circular arcs as below, the moment 
of inertia may be expressed as:
I = r b t 3 + Ce b f t
where:
C  = (  C  d -  -1- 3  Sin 2c< -  S  S i n  o ’.)  }  - !-  3- Sin c<
5 >2~k
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C6 = [(S <X -|- sin 2c< - e sinu - .'l. ^  -/- (~V -I-
3 j 2 t v?
k  U ”  rA S /n c A  -  x }-cA  )  < f*  ~h ( \  - / ->' Al. . r
l 7  ^
<-?. C-t-'ScA -1
_ \& £a*i. ca — 2.)
4- ex tec. cA
ot = The acute angle which the tangent
makes with the neutral axis, as in­
dicated above.
Given the moment of inertia as evaluated by any one 
of these relations, the section modulus S may be ex­
pressed as:
. -/ r  2 15
■y (SJL) A  7- t\ P / *
when the thickness is too small and the corrugations 
are deep, the section modulus can be expressed as:
5  = l l  
A
This was done in the Rankine (5) formula.
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For the previous relations, curves were drawn to give 
the constant values C^, , C , Cs , directly. In
1954, D.S. Woldford (19) gave curves and tables for 
Blodgett's moment, of inertia relations.
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APPENDIX (C)
III.1 Determination of elastic movement under unit 
load at each bolt (fastener) between sheet 
and transversal member.
Tables of results:
Load Test (1) Test(2) T e s t (3) Test (4) Test (5) Test (6)
100 0 0 0 9 8 4
200 0 0 0 16 20 10
300 0 0 0 21 26 13
400 0 0 0 25 30 17
500 2 0 1.5 29 35 . 25
600 3.5 0 3.5 32 40 38
700 8 5 10 34 46 52
800 10 10 15 38 48 65
900 17 20 2S 40 50 85
1000 35 40 50 42 54 100
1100 65 55 70 45 ■ 56 115
1200 85 73 85 47 60 135
1300 105 96 104 50 63
1400 135 124 135 52 66
1500 170 173 170 59 73.5' -
1600 - - - 64 79 "
N.B. The measured slip is due to tv.'o bolts.
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(lb)
1600
1500
I/4OO
1300
1200
1100
1000
900
800
700
600
500
400 ■ <
300
200
100
0.0
• C
TCP"
Load-Slip curve, 
Test No.(l)
) ,01 .02 .03 ,0/|. .05 .06 .07 .08 .09 .10 ,11 .12 .13 s& k-
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Load
(lb)
1600
1500
IkOO
1300
1200
1100
1000
900
800
700
600
500
kOO
300
200
100
0.0
o'
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_!
Load-Slip curve, 
Test No.(2)
>0 .01 .02 03 .0*1 .05 .06 .07 .08 ,09 <10 .11 .1^.°1?__
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L o a d
(lb)
1600
1500
11|.00
1300
1200
1100
1000
900
800
700
600
500
kOO
Load-Slip.curve 
Test No.(3)
200
100
0.0
11 1210ol .0200
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Load
(lb)
1600
1500
1^00
1300
1200
.1100
1000
900
800
700
600
300
Ii-00
300
200
100
0.0
.C
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Load-Slip curve, 
- -Test No. Or)
.01 .02  .03  .0 /f .0 5  .06 .07 .08  .09 .10  .11 .12  .13  s/'f
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Load
(lb)
1600
1500
1^00
1300
1200
1100
1000
900
800
700
600
500
ifOO
300
200
100
0.0
.c
oU
o
Load-Slip curve, 
Test No. (3)
.0t|. .0 5  .0 ,10 .11 .12 .13 sf:p (™)
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Load
(16)
1600
1500
li+00
1300
1200
1100
1000
900
800
?00
600
500
kOO
Load-Slip curve 
.Test Ho. (6).
300
200
100
00 1210Ok01 .02
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III.2 Load-slip curves:
On pages (5£- £/), the load slip curves are plotted
and a value of slip is calculated at ead^^in^ — -
of load. This is the slope of "S." in/kip
in/kip.
(lbs.) CD (2) (3) (4) (5) (6) Average
100 0 0 0 .0430 .0528 .0175 • .0188
200 0 0 0 . 0264 .0425 . 0225 .0152
300' 0 0 0 .0187 .0275 .0287 .0123
400 0! 0 0 .0162 . 0200 .0350 .0118
500 .0100 0 0 .0150 .0150 .0425 .0121
600 0.0150 .0125 .0200 .0150 .0150 .0600 .0229
700 0.0225 .0250 . 0250 .0150 .0175 .0687 . 0289
800 0.0350 .0400 . .0450 .0150 .0175 .0900 . 0406
900 .0500 . 0575 .0650 .0125 .0187 .0850 .0481
Average value of "Sj" at each
increment of load.
TABLE (C)
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0.0 k
0 .0 3
"S" in./kip
0.02
0.01 LOAD--SLIP'CURVE
0.00
0.8O.f0 0.2 O.k 1.0
FIGURE (CO. load (kip)
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APPENDIX "D"
The Critical Shear Load of Corrugated 
Sheet Diaphragms.
E. Seydel (17) gave a formula by which the critical 
shear load of an orthogonal-anistropic plate can be 
determined as follows:
r * c, )/ -£j.cr d
y ^
where:
a
!
fr,yure ill)-
"£Cr= critical shear load in lbs./in,
coefficient depends on the parameters and
o . i A I T
b y k .
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B * .  = Bending rigidity in the x-direction = - ■  —
By = Bending rigidity in the y-direction = El,
where I is per unit length.
i = & n - - - aL- 7 
L ‘
a  = length along the y-direction.
£ I3^ y =  Torsional rigidity 7z(--}
The notation of the x and y axis as shown in Figure (17).
For values of & between 1 andrc , with simply supported
and clamped edges, "Ca" can be taken either from the 
following table or read directly from curve (i) given 
by Seydel.
& = 1 2 3 5 1 0 - 2 0  40 ©o
simply
supported Ca= 13.17 10.8 9.95 9.25 8.7 8.4 8.25 8.125
clamped
edges Ca= 22.15 18.75 17.55 16.6 15.85 15.45 15.25 15.07
And for values of 9 ranging from 0 to 1, the critical 
shearing load is:
r h  r
(ft
C is taken from the following table:-o
0 = 0 0.2 0.5 1.0
simply C.A= 11.71 11.80 12.2 13.17
supported
edges
clamped c6 = 18.59 IS.85 19.9 22.15
edges
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24 
22 
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16
14-' --
?____
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O' «2
T"
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//!-- •//:
A m a
< ^ \ ^ y y y / . u ..[SA'ys ^
-'''O'/ a
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•- 1 
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• 0.6 
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TABLES AND FIGURES
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Dial Readings' of EXPERIMENT NO. (1).
LOAD
( lb )
" A /
('*>)
A *
[''!)
* 7
rw
A  g
</nJ (//?) (//1 / On;
200 .0000 .0000 .0040 .0045 .0000 .0030 .0000 .0000 .0080
400 .00005 .0000 .0055 .0080 .0000 .0050 .0000 .0000 .01150
600 .00109 .0000 .0075 .01100 .0000 .0060 .0000 .0009 .0160
800 .0020 .0000 .0092 .0136 .0000 .0075 .0000 .0019 .01925
1000 .0030 .0000 .01150 .01580 .0000 .0095 .00000 .00310 .02250
1200 .0045 .0000 .01350 .01890 .0000 .01100 .000008 .0045 .0265
1400 .00550 .0000 .01550 .0220 .0000 .01340 .00001 .0055 .0310
1600 .0070 .Oooo .0178 .0250 .0008 .01500 .00003 .0071 .0352
1800 .0090 .0000 .0199 .,030.3. .0010 .0160 .00004 .0091 .0395
2000 .01110 .0000 .0220 .0375 .0015 .0190 .00005 .01120 .0465
2200 .0135o .0000 .0241 .0400 .0020 .0200 .00005 .0135 .0520
2400 .0160 .0000 .0270 .0490 .0025 .0230 .00006 .01590 .0725
2600 .0170 .0000 .0280 .0510 .0028 .0235 .00007 .01810 .0755
2800 .0185 .0000 .0302 .0540 .0029 .0255 .00008 .01900 .0840
3000 .0210 .0000 .03310 .0648 .0035 .0280 .00009 .02150 .1050
3200 .0230 .0000 .0371 .0760 .0045 .0300 .0001 .0225 .1520
3400 .0255 .0000 .0400 .0900 .0060 .0330 .00012 .0260 .2150
3600 .0275 .0000 .0430 .1060 .0080 .0345 .00014 .0273 .2940
3800 .0290 .0000 .0465 .1250 .0088 .0360 .00016 .0285 . 3840
4000 .0315 .0000 .0490 .1350 ------- .0385 —  —  _ .0305
TABLE(3 .1 )
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Analysis of test results of TABLE (3.1)
Aplied
Load(lb)
Corrected
A *
(in)
, &e+ s Corrected
a 7
(in)
Average ) 
(in)
( ) 
(in)
 ^ 2
(in)
200 .000000 .008000 .003500 .001000 .004500
400 .000025' .011475 .005250 .002750 .007112
600 .000995 .015005 .006750 .OO425O .009627
800 .001950 .017300 .008350 .005250 .011275
1000 .003050 .019450 .010500 .005300 .012375
1200 .004500 .022000 .012250 .006650 .014325
1400 .005500 .025500 .014450 .007550 .016525
1600 .007050 .022200 .016400 .008600 .015400
1800 .009050 .030450 .017950 .012350 .021400
2000 .011150 .035350 .020500 .015200 .025275
2200 .013500 .038500 .022050 .017950 .028225
2400 .015950 .056550 .025000 .024000 .040275
2600 .017550 .057950 .025750 .025250 .041600
2800 .018750 .065250 .027850 .026160 .045700
3000 . 021250• .083750 .030550 .034250 .059000
3200 .022750 .129250 .033500 .052500 .090875
3400 .025750 ,189250 .036500 .053500 .121375
3600 .027400 .266600 .038750 .067250 . .166925
3800 .028750 .355250 .041250 .083750 .219500
4000 .031000 .043750 .091250
TABLE (3 .2 )
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EXPERIMENT No.(2):
D ia l  R eadings o f  EXPERIMENT NO. (2 )
LOAD
( lb )
A-g ^ 7 ^ 8
1250 0.0130 0.0150 0.0380 0.0140 0 .0100 0 .0 4 2 5
2500 0 .0250 0.0300 O.O850 0.0290 0 .0220 0 .0910
3750 0 .0320 0.01+20 0 .1175 0.0390 0.0350 0 .1200
5000 0.01*70 0.0520 0 .1780 0.0500 0 .04.50 0 .1 5 3 5
6250 0 .0730 0.0630 0.2280 0 .0 6 0 0  • 0 .0800 0 .2900
7500 0 .0910 0.0810 0 .3270 0.0790 0.1500 0 .3 9 4 5
8750 0 .1010 0.0850 0 .3840 0 .0860 0 .1600 0 .4 3 8 5
10000 0 .1150 0.0980 0.5050 0.0970 0 .2000 0 .5650
11000 0 .1300 0.1200 0 .6780 0 .1160 0 .2450 0 .6410
12000 0 .1450 0.1300 0.7740 0.1320 0 .2690 0 .7450
TABLE ( 4 .1 ) .
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Load £5 + Aj f  - A As+Ai •A* + As / A . A  + 4, A - +
( lb s ) 2  (in)
V  6 2
fa)
2
(tn)
< 1 . 2
On)
O.V. -  ^ 
UnJ
1250 .0145 .0235 .0165 .026 .02475
2500 .0295 .0555 .0235 .0675 . 06150
3750 .0A05 .0770 .0335 .0865 .08175
5000 .0510 .1270 .0460 .1075 .11725
6250 .0615 .1665 .0765 .1135 .14000
7500 .0800 .2470 .1205 .2740 .26050
8750 .0855 .2985 .1355 .3030 . .30075
10000 .0975 .4075 .1575 .4075 .40750
11000 .1180 .5600 .1875 .4535 .50675
12000 .1310 .6430 . 2070 .5320 .58750
TABLE (4.2).
Load
(lbs) Cto)
(£ tr) u^e 
Cc(fe
(4,- ^ r )
( S ) ju e to
effective wdi; [!n)
. hJet A - G 4 „ - cC - c^
1250 .02475 .00265 .02210 .00464 .01746
2500 .06150 .00890 .05260 .00928 .04332
3750 .08175 .00990 .07185 .01390 .05795
5000 .11725 .01290 .10435 .01860 .08575
6250 .14000 .01590 .12410 .02320 .10090
7500. .26050 .02360 .23690 .02770 .20920
8750 .30075
10000 .40750
TABLE( A . 3 ) .
A n a ly s is  o f  t e s t  r e s u l t s  o f  TABLE ( 4 .1 )
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EXPERIMENT No. (3):
Dial Readings of EXPERIMENT NO. (3).
Load
(lbs)
(A,)
inc. ft :
(A2) ( A 3j (A,) ( A s) (A.)
2500 .008 .020 .080 .022 .005 .090
5000 .019 .045 .184 .049 .020 .202
7500 .051 . .068 .298 .075 .050 .315
10000 .095 .094 .421 .099 .090 .551
12000 .144 .126 .580 .126 • .134 ' .685
14000 .187 .150 .709 .151 .186 .807
16000 .228 .175 . 844 .178 .220
O
OCO
O
'*.
18000 .270 .203 1.004 .207 .272 1.198
20000 .295 .226 1.150 .232 .291 1.349
TABLE( 4»4)
Analysis of test results of TABLE (A.A).
Load
(lbs)
+ A* a -A-.AliA* a '
* c 2 A  . A?-1"2 3-'? z z 2
250Q .021 .059 .0065 .0855 .07125
5000 . 046 .138 .0195 .1825 .16025
7500 .0715 .2265 .0505 .2645 .24550
10000 .0965 . 3245 .0915 .4595 .38200
12000 .1260 .4540 .1390 .5460 .50000
14000 .1005 .6085 .1865 .6205 .61450
16000 .1765 .6675 .2240 .7140 .69575
18000 .2050 .7990 .2710 .9270 .86500
20000 .2290 .9210 .2920 1.0570 .98900
TABLE(A.5)
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Stress-Strain calculations of corrugated sheets.
Load
(lb)
a- location: (in) Average
(in)
Strain Stress 
?/k (psi)(1) (2) (?) (1) (2] (3)
200 .050 .037 .075 .037 .075 .037 .05183 .010366 293.1950
300 .075 .050 .100 .050 .075 .050 .06666 .013332 442.7245
400 .075 .050 .100 .050 .075 .050 .06666 .013332 589.3220
500 .075 .062 .100 .062 .075 .062 .07266 .014532 732.9877
700 .080 .075 .100 .075 .080 .075 .08083 .016166 1026.1827
900 .100 .087 .125 .087 .100 .087 .09766 . .019532 1319.3779
1100 .100 .112 .1,30 .112 .100 .112 .11100 .022000 1612.5729
1300 .125 .137 .150 .137 .125 .137 .13516 .027032 1905.7680
1500 .150 .175 .175 .175 .150 .175 .16666 .033333 2198.9631
1700 .200 .225 .230 .225 .200 .225 .21750 .043500 2492.1582
1900 .230 .275 .275 .325 .275 • ?25 .28416 .056832 2785.353.2
2100 .280 .325 .330 .337 .300 .362 .32233 .064460 3078.5484
2300 .325 .362 .370 .375 .325 .387 .35733 .071466 3371.7434
2500 .360 .387 .400 .?87 .375 .425 .38900 .077800 3664.9386
TABLE (5.1)
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Stress-Strain calculations Of corrugated sheets.
load at location: (in) Average Strain Stress
(lb) (1) (2) (3) d J (25 (3) (in) *l/l P/A (psi)
200 - - .025 .050 .050 .04166 .00833 293.1950
400 _ _ .050 .075 .050 .05833 ,01166 589.3220
600 .075 .075 .075 .070 .075 .070 .07333 .01466 879.5852
800 .075 .075 .075 .075 .085 .075 .07666 .01533 1172.7804
1000 .075 .075 .075 .080 .100 .080 .08083 .016166 1465.9754
1200 .100 .100 .100 .100 .125 .100 .10416 .02083 1759.1706
1400 .125 .125 .125 .100 .130 .125 .12166 .02433 2052.3656
1600 .175 •175 •175 .125 .160 .150 .16000 .03200 2345.5608
1800 .175 .175 .175 .160 .200 .190 .17916 .03783 2638.7558
2000 .250 .200 .200 .195 .230 .225 .21666 .04330 2931.9510
2200 .300 .275 .275 .250 .280 .275 .27583 .05516 3225.1461
2400 • 500 .30° .300 .273 .315 .300 .29833 .05966 3518.3412
2600 .350 •530 .350 .310 .325 .325 .33500 .06700 3811.5363
2800 .375 .373 •373 .530 • 350 .350 .35916 -.07183 4104.7314
.3000 .425 .375 ‘373 .350 .370 .370 .37750 .07550 4397.9266
TABLE ( 5 . 2 )
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Stress-Strain calculations of corrugated sheets.
Load at ILocation: [in) Average Strain Stress
(lb) (1) (2) (lj (2) (in) *1/1 p/a
400 .0325 .0340 .0333 .0331 .03325 .002771 752.2460
600 .0740 .0730 .0736 .0734 .07350 .006125 1136.090
800 .1120 .1090 .1170 .1140 .11300 .009410 1511.110
1000 .1670 .1550 .1600 .1620 .16100 .013416 1875.100
1200 .2276 .2190 .236O .2274 .22750 .018958 2261.150
1400 . 3560 .3475 .3276 .3190 .33750 .028125 2647.200
1600 .4650 .4250 . 4440 .4460 .44500 .037084 3022.220
1800 .5700 .5470 .5260 .5490 .54800 .045666 3386.210
2000 .6070 ,60Z,.0 .6030 „ 6060 .60500 .050416 3772.260
2200 . 6960 . 6816 .6670 . 6814 .68150 .056791 4147.280
2400 .7350 .7210 .7090 .7230 .72200 .060166 4522.300
2600 .7626 .7650 .7600 .7624 .76250 .063541 4908.350
2800 .8000 .7970 .7900 .7930 .79500 .066250 5283.370
3000 .8201- .8200 .8210 .8209 .82050 .068375 5658.390
3200 .8360 .8304 . 8306 ^8250 .83050 .069208 6022.380
3400 .8470 .8540 .8610 .8540
00-Zj”
00• .071166 6408.430
3600 .8750 .8810 .8700 .8760 .87550 .072958 6827.570
3800 .8980 .8960 .9040 .8910 .89750 .074791 7169.500
4000 .9100 .9150 .9240 .9190 .91700 .076416 7533.490
TABLE (5.3)
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TENSION TEST TO FIND THE VALUE OF "sj .
F I G U R E  (3.1)
11
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